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ABSTRACT 


The installation and operation of lysimeters and tensiometers in the Plastic 1 and Harp 4 


sub-catchments is described, as is a brief summary of the results up to the fall of 1992. 
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INTRODUCTION 


In 1986 tensiometers and lysimeters were installed at Harp and Plastic Lake catchments to 
study the interaction between atmospheric deposition, vegetation, soil, and groundwater. 
Data from this equipment have been used in previous publications (e.g., LaZerte 1989; 
LaZerte 1991; Renzetti et al. 1992). The intent of this report is to describe in detail the 
installation and operation of these tensiometers and lysimeters, as well as to briefly 
summarize the data from 1986 to the winter of 1992. The Biogeochemistry Study also 
operated similar equipment at the Hawkeye Lake site near Thunder Bay, Ontario for a 
short period. The results of this operation have been reported in LaZerte et al. (1991). 


SITES AND METHODS 
Sites 


The tensiometers and lysimeters were installed in upland, well-drained areas of Harp Lake 
catchment #4 (HP4), located near Huntsville, Ontario, and Plastic Lake catchment #1 
(PC1), south of Dorset, Ontario (Figure 1). The upland soils of the PC1 catchment are 
sandy, shallow, orthic humo-ferric or ferro-humic podzols developed on thin basal till 
(<1 m) underlain by granitic gneiss and amphibolite. The PC1 upland forest cover is 
dominated by white pine, hemlock, soft maple and red oak. The sandy orthic humo-ferric 
podzols of the HP4 catchment have developed down to 1 m on a deeper surficial till plain 
(1-3 m) with pockets of deep till (10 m) in the valleys. The HP4 upland forest cover is 
dominated by hard maple, soft maple, yellow birch and beech. For further information see 
Jeffries and Snyder (1983), Girard et al. (1985), Lozano (1987), Lozano and Parton (1987), 
Kirkwood and Nesbitt (1991), and Law (1991). 


Lysimeter Pit Locations 


There are six tension and six zero tension lysimeter pits in each catchment. Each pit was 
situated to ensure that there was proper drainage and that representative vegetation and 
forest types were sampled (Figures 2 and 3). At each site, a trench was manually excavated 
to the C horizon or bedrock and perpendicular to the fall line down grade of the 
installation. Excavated material was roughly segregated into appropriate soil horizons and 
placed down grade on plastic drop sheets for use as backfill material. Pit classification and 
horizon locations were determined using the standard Canadian System of Soils 


Classification. 
Lysimeter Plate Preparation 


Alundum/ceramic tension plate lysimeters were obtained from Pacific Lysimeter Inc. 
Seattle, Washington. The plates are 15.3 cm in diameter and 13 mm thick, with a bubbling 
pressure of 0.5 bar. Plate bottoms are covered with a fibre washer with an outport in the 
centre. The outport and the sides are covered with a five minute epoxy resin. Attached to 
the outport is a 50 cm length of 2 mm Tygon tubing. The plates were washed before field 
installation by pumping a pH 3.0 HC! solution through the lysimeter plates at a rate of.8 
mL/minute for a period of 48 hours (Neary and Tomassini 1985). They were then rinsed 
by pumping double distilled water through them for approximately 96 hours. Plates were. 


stored in food quality plastic bags for transportation to the field. 


Six millimetre clear polystyrene zero tension lysimeters were designed to accommodate the 
thin soil horizon infra-structures (generally <20 cm) found in our research study area. The 
plates are 36 cm long, 15.3 cm wide and only 4 cm high, with a contact surface of 1000 um 
covered by polyester PeCap mesh. Outports are CPVC piping approximately 8 cm long, 
with 50 cm of 15 mm inside diameter Tygon tubing attached. Lysimeters were washed 


before field installation in a pH 3.0 HCl bath for a period of 48 hours. Plates were 


thoroughly rinsed in DDW and stored in food quality plastic bags for transportation to the 
field. 


Lysimeter Plate Installation 


Two plates per representative soil horizon were installed to increase collection surface area 
and sample volumes. Care was taken in positioning the plates to ensure that leachate 


percolates would be freely intercepted (Table 1). 


For the mineral soil horizons, cavities were dug horizontally and slightly below the desired 
horizon face to a horizontal depth of 35 to 40 cm. The upper surface was then shaved flat 
exposing material of the desired soil horizon. To ensure an air tight contact between the 
intended soil horizon and tension lysimeters, a paste was made of DDW and soil from the 
horizon it would be in contact with. The collection surface of the lysimeter was coated with 
a 20 mm thick layer of this paste and then forced against the upper surface of the desired 
soil horizon surface. Excavated material was packed around the lysimeter which retained 
and sealed it as a unit. Installation of zero tension lysimeters utilized the same procedures 


without the use of a soil paste. 


LFH horizons were cut from the surface on two sides horizontally for a distance of 35 to 40 
cm. Horizon material was rolled back as a unit and a vertical cut was excavated to a depth 
which would ensure collection surface placement level with the H horizon. Excavated 
mineral material was then packed around the plate level with its collection surface, and 
LFH horizon material was replaced as a unit, ensuring total coverage of the plate’s 


collection surface. 


Operational equipment for both tension and zero tension lysimeters are housed in an 
excavated pit framed with plywood to keep the sides from collapsing. Both the walls and 
the cover of the housing are insulated with styrofoam to conserve energy during the winter 


months. Housings are heated from October to April with a thermostatically controlled 


catalytic heater of 650 BTU maximum capacity. Individual labelled Tygon feed lines enter 
this collection housing approximately 20 cm from the bottom. Previously excavated material 
from the appropriate soil horizon was placed and compacted under individual lines. 
Styrofoam moulding was placed over lines as protection against crushing during completion 


of backfill operations. 
Lysimeter Operation and Chemical Analyses 


Lines from the dual tension lysimeter plates in each horizon of the tension lysimeter pits are 
connected to a three way stopcock (Figure 4). A single line leads from the stopcock to the 
top (cap) of a two litre Nalgene high density plastic container which has been lined with a 
polyethylene food grade plastic bag. Vacuum is applied using a second line attached to the 
top of the sample container. An evacuated 18 kilogram propane cylinder is the source of 
the vacuum. A series of valves, gauges and regulators are used to control and monitor the 
amount of vacuum applied. Individual vacuum lines rise one metre above the regulator 
housing and have a hydrophobic moisture trap attached as precautions against water entry 


into the regulator. 


During visits, individual plates are tested for a stable applied vacuum. Soil horizons without 
sufficient water content will cause the vacuum to drop rapidly. Plates with satisfactory 
vacuum are consolidated and left connected to the vacuum source with an initial applied 
vacuum of 38 inches of water (9.5 KP) to collect samples until the next visit, usually within 


48 hours. Collected samples are returned to the laboratory for analysis. 


All tubing and collection vessels at the zero tension sites are on a negative slope from the 
plate. Dual lines from each horizon lead to a "I" connector. A single line exits the 
connector and is attached to the collection vessel, a plastic bag lined, four litre Nalgene 


container. The sample container has an overflow outlet on the top. 


If there is insufficient sample volume for analysis of all parameters, samples are submitted 
according to the following priority list (highest to lowest): pH, nitrate, ammonia, sulphate, 
chloride, calcium, magnesium, sodium, potassium, DOC, true colour, silica, fluoride, 
aluminum speciation, total aluminum, iron, manganese, DIC, cadmium, zinc, copper, lead, 
nickel, conductivity and total nitrogen. Alkalinity has occasionally been done as well. All 
analyses are performed using standard methods of the Ontario Ministry of Environment and 
Energy (Janhurst 1993). 


Tensiometer Installation and Operation 


Soil moisture indicators (Model 2725A "Jet Fill" tensiometers from Soil Moisture Equipment 
Corp.) are installed even with, or slightly below, soil leachate sites as soon as possible after 
the snow disappears each spring and remain in the soil until air temperatures fall below 
-10°C. They are generally in operation from mid May to late October although this may 
vary by several weeks. Tensiometers are installed at six sites in the PC1 watershed and four 
sites in the HP4 watershed. Installations are at 15 cm depth intervals, to a maximum depth 
of 75 cm or until the auger reaches bedrock. A maximum of four tensiometers are installed 
at each site. At HP4 where installations of 75 cm are possible, the 45 cm unit is omitted 
as soil moisture is adequately monitored at the 30 and 60 cm sites. When tensiometers are 
removed in autumn, the remaining holes are marked with sticks to ensure that units are 
placed in the same hole in the following year. Previous to 1988 holes were not marked and 


tensiometers were located in different areas within the site boundaries. 


Before installation, porous porcelain tips are installed on the tensiometers. The reservoirs 
are filled with an ethylene glycol mixture which remains liquid to -19°C and the units are 
tested for leaks. At the field sites, soil is removed with a soil increment core auger to the 
proper depth. The soil is mixed with distilled water to make a paste, which is formed 
around the tip of the unit to form a bond between the soil and the tensiometer once it is 
installed. 


Measurements are recorded from the regulator gauge mounted on each tensiometer at each 
visit to the site. If dry soil conditions have caused the tubes to dry out, they are refilled with 
ethylene glycol solution after the measurements are recorded. Readings of 40 to 80 
centibars are common, with lower readings in wet conditions and higher readings when the 


soil is dry. 
RESULTS AND DISCUSSION 
Lysimeters 


The total number of samples collected, the beginning sample date and ending sample date 
are presented in Table 1 for each station. The station codes consist of a 2 character 
catchment code (HP or PC for Harp 4 and Plastic 1 catchments respectively), a 1 character 
lysimeter type code (T or Z for Tension or Zero-tension, respectively), a 2 character pit 
number, and a 1-2 character horizon designation (L, A, B, B1, B2 or BC for LFH, Ae or Ah, 
and the B horizons). The B horizon codes simply indicate the relative depth of the plate 
(B1 is higher than B2 which is higher than BC); the proper soil horizon designation as 
determined from visual inspection and sampling at the pit face is given in the last column 


of Table 1 along with the plate depths. 


A brief description of each chemical analysis code and its units can be found in Table 2. 
Table 3 presents for each type of chemical analysis the number performed, their mean, 
median, standard deviation of the mean and the first (Q1) and third (Q3) quartiles by 


station. 


The mean and median charge balances (CB4, Table 3) tend to be negative by a few 
percentage points, but overall are not substantially different from zero. Even though this 
charge balance calculation takes organic acids and metals into consideration, extremely high 
concentrations of DOC and aluminum found in LFH and A horizon samples can make the 


calculation prone to error. 


To determine whether the lysimeters were properly placed at their designated horizons, a 
cluster analysis was performed on the median DOC (organic carbon), FEUT (organic iron) 
and ALEXCV (organic aluminum) concentrations at HP4 and PC1 catchments. Those three 
parameters were chosen to represent the distinguishing characteristics of leachate in a 
_ podzolic soil water profile. In general, it is expected that the upper horizons are rich in 
organic carbon, iron and aluminum, all of which are subsequently precipitated in the lower 
mineral horizons. The cluster analysis was performed on SAS V6.06 using the cluster 
procedure with the centroid method, standardized variables and stations weighted by sample 


size. 


For both catchments, the LFH and A horizons could not be separated, although the LFH 
and A horizons usually broke into two groups before the B horizons were split out. There 
were two outliers in each catchment: in Harp-4 the Ah lysimeters HPZ06A and HPZ09A 
both clustered with the B horizons, and in Plastic-1 the Ae lysimeter PCZ04A clustered with 
the B horizons but the Bf1 lysimeter PCZ06B clustered with the LFH and A horizons. As 
the A horizons in these soils are very thin and wavy, it is not unexpected that the three A 
plates may have been placed deeper than desirable into the B. Other A plates were, no 
doubt, placed too high into the LFH helping to create the inseparability of LFH and A 
horizons in the cluster analysis. PCZO06Bs clustering with the LFH and A horizons may 
partly be the result of small sample size. Alternatively, macropore flow may be routing LFH 
and A water directly to this lysimeter. With these few exceptions, however, the lysimeter 


designations appear to adequately separate the organic from the mineral soil horizons. 


With the horizon corrections described above, all the PC1 LFH and A horizons were 
lumped together and the median value of the major chemical parameters calculated over 
each quarter of a year. Similar calculations were performed for all the B horizons and for 
the HP4 catchment. The results are plotted in Figure 5 with quarterly medians consisting 


. of less than 20 samples excluded. 


Nitrate and to a lesser extent ammonium concentrations exhibit the greatest variation of all 
parameters, especially in the LFH and A horizons. This has been noted by other 
investigators as well (Shepard et al. 1990). Many parameters (e.g., nitrate, ammonium, 
manganese, potassium, DOC, many metals) have high and variable concentrations in the 
upper (LFH and A) horizons with decreasing and less variable concentrations in the deeper 
horizons. Two factors may be responsible for this: erratic litter decay and uptake processes 
(dependent upon moisture and temperature) and concentration of solutes by the more rapid 


evapotranspiration in the upper layers (and conversely more rapid dilution during rainfall). 


The impact of evaporation and the summer drought starting in 1987 (see tensiometers 
below) can best be seen in the chloride values (Figure 5), assuming chloride is biologically 
unreactive and primarily derived from the atmosphere. High chloride concentrations are 
found in the third and fourth quarters and low concentrations in the spring apparently 
because of evaporative concentration followed by dilution. The fourth quarters of 1986 and 
1992 have relatively low chlorides because of the previous wet summer (third quarter). 
Other parameters in the LFH and A horizons also tend to peak in the third and/or fourth 
quarters (e.g., DOC, calcium, potassium and manganese) whereas nitrate and ammonium 


peak in the first quarter perhaps because of rapid biological uptake during other seasons. 


The important role of DOC in transporting organically bound metals from the LFH to the 
deeper mineral podzolic horizons where they precipitate out has been discussed elsewhere 
(LaZerte 1989; 1991) and is responsible for the high values of ALEXCV, FEUT and DOC 
in the LFH and A horizons relative to the B horizons. Only a few compounds are elevated 
in the B horizons of these soils. Total fluoride is tightly associated with the elevated levels 
of inorganic monomeric aluminum in the acidified B horizons of PC1; sulphate is also being 
exported from these horizons. In both PC1 and HP4, sodium and silica (neither of which 


are biologically important) are elevated in the B horizons. 


Tensiometers 


Monthly medians of all tensiometer data at a given depth and catchment are presented in 
Table 4. A more detailed picture of two representative tensiometer sites can be found in 
Figure 6. In general, soil water tension follows the seasonal pattern of rainfall and 
evapotranspiration with high tension during late summer and early fall during dry summers, 
and low tension in the spring and late fall. Occasionally lags in moisture content between 
the upper and lower soil layers are evident in the data. A five year summer drought (1987- 
91) was broken in the summer of 1992 with summer soil tensions approaching the low values 


last seen in the summer of 1986. 
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Table 1 Number of ‘samples, first/last sample dates, soil classification and depths of À and B plates (cm). 


STN N FIRST LAST CLASS DEPTH A DEPTH B 
HPTIIL 69 02DEC87 25N0V92 LFH 6 7 
HPT11A 70 02DEC87 25N0V92 Ah 22 22 
HPT11B 115 24NOV87 O9DEC92 Bhf 62 69 
HPT11BC 91 24N0V87 12N0V92 Bfc 80 83 
HPT12L 44 10DEC87 O9DEC92 LFH 7 7 
HPT12A 63 21APR88 O9DEC92 Ah 10 10 
HPT12B 110 28APR88 O9DEC92 Bm1 62 63 
HPT12BC 124 24NOV87 25N0V92 BCc 86 84 
HPT13L 74 16DEC87 25N0V92 LFH 5 6 
HPT13A 156 16DEC87 O9DEC92 Ah 15 13 
HPT13B 144 16DEC87 12N0V92 Bhf 55 56 
HPT14L 135 14APR88 25N0V92 LFH 5 5 
HPT14A 73 28APR88 12N0V92 Ah 7 8 
HPT14B1 111 10DEC87 12N0V92 Bfgjl 57 58 
HPT14B2 150 16DEC87 O9DEC92 Bfgj2 76 66 
HPT 14BC 76 24N0V87 25N0V92 BCc 97 103 
HPT15L 112 16DEC87 25N0V92 LFH 5 6 
HPT15A 57 16DEC87 11JUN92 Ah 8 8 
HPT15B 74 16DEC87 25N0V92 BC 59 61 
HPT15BC 43 OSMAY88 25N0V92 C 96 95 
HPT16L 41 28APR88 25N0V92 LFH 3 3 
HPT16A 71 16DEC87 28MAY92 Ah 14 16 
HPT16B 17 16DEC87 24APR92 Bf 50 48 
HPT16BC 57 16DEC87 O9DEC92 BC 80 78 
HPZO4L 180 200CT87 23N0V92 LFH 5 5 
HPZO04A 112 200CT87 O9NOV92 Ah 15 17 
HPZ04B 15 31MAR88 28SEP92 Bmi 48 50 
HPZ04BC 63 15DEC87 O9NOV92 Bm2 88 94 
HPZOSL 157 01DEC87 O9NOV92 LFH 5 5 
HPZO5A 124 01DEC87 130CT92 Ah 9 9 
HPZO5B 61 24NOV87 28SEP92 Bf 63 z 62 
HPZO5BC 123 01DEC87 14JUL92 Bm 87 87 
HPZO6L 180 24N0V87 23N0V92 LFH 3 3 
HPZO6A 136 01DEC87 07DEC92 Ah 14 14 
HPZO06B 162 01DEC87 07DEC92 Bf1 43 45 
HPZO7L 105 270CT87 O9NOV92 MTEH 6 6 
HPZO7A 99 270CT87 O9NOV92 Ah 10 8 
HPZ07B1 14 26MAY88 11JUL89 Bhf 25 24 
HPZO7B2 ss 4 26JUL88 23AUG88 BF 68 68 
HPZ07BC 3 23AUG88 18JUL89 BC 86 87 
HPZO8L 151 270CT87 23N0V92 LFH 6 6 
HPZ08A 3 O8APR88 28SEP92 Ah 12 12 
HPZ08B 17 12APR88 28SEP92 Bf 40 40 
HPZO8BC 56 O8APR88 28SEP92 BC 67 66 
HPZO9L 176 270CT87 23N0V92 LFH 5 5 
HPZO9A 143 270CT87 23N0V92 Ah 12 11 
HPZ09B 11 O8APR88 28SEP92 Bf 40 42 
PCTIIL 145 O5JAN87 27N0V92 LFH 8 8 
PCT11A 119 12JAN87 27NOV92 Ae 13 9 
PCT11B1 201 26N0V86 10DEC92 Bhf 27 27 
PCT11B2 205 26N0V86 27N0V92 Bf 61 53 
PCT11BC 194 26N0V86 22JUL92 BC 83 78 
PCT12L 55 20JAN87 27N0V92 LFH 7 7 
PCT12A 89 11FEB87 27NOV92 Ae 9 9 
PETI2BI 179 Z6NOV86 27N0V92 Bf1 25 30 
PCT12B2 204 26N0V86 13N0V92 Bf2 74 80 
PCT12BC 153 26N0V86 27NOV92 BC 89 102 
PCT13L 100 02DEC86 27NOV92 LFH 7 7 
PCT13A 140 O5JAN87 27N0V92 Ae 8 8 
PCT13B1 207 20JAN87 10DEC92 Bfl 32 32 
PCT13B2 194 26NOV86 10DEC92 Bf2 62 62 


Table 1 (cont’d.) 


STN N FIRST LAST CLASS DEPTH A DEPTH B 
= 
PCT13BC 141 02DEC86 10DEC92 BC 89 89 
PCT14L 68 03FEB88 13N0V92 LFH 1 1 
PCT14A 34 04MAY88 160CT92 Ae 2 2 
PCT14B1 99 O8DEC87 27N0V92 Bf1 22 22 
PCT14B2 72 11NOV87 29APR92 BF2 26 26 
PCTISL 42 18NOV87 13NOV92 LFH 3 4 
PCT15A 90 16MAR88 27N0V92 Ae 8 10 
PCT15B1 74 13 JAN88 27N0V92 Bh 54 50 
PCT16L 66 26MAR87 27N0V92 LFH 8 8 
PCT16A 115 10MAR87 27N0V92 Ae 10 11 
PCT16B1 189 26JAN87 13N0V92 Bf1 26 23 
PCT16B2 142 26JAN87 27N0V92 BF2 50 38 
PCZOIL 159 260CT87 24N0V92 LFH. 4 4 
PCZO1A . 120 260CT87 270CT92 Ae 8 10 
PCZOIB 62 O4APR88 20JUL92 BF2 29 27 
PCZO2L 188 190CT87 24N0V92 LFH 4 4 
PCZ02A 158 190CT87 270CT92 Ae 6 5 
PCZ02B 107 30NOV87 24N0V92 BF2 52 Jd 
PCZO4L 190 190CT87 24N0V92 LFH 3 3 
PCZO4A 93 190CT87 24N0V92 Ae 14 15 
PCZ04B1 153 190CT87 24N0V92 Bf1 30 37 
PCZ04B2 191 23N0V87 O8DEC92 Bf2 45 45 
PCZOSL 155 190CT87 270CT92 LFH 3 3 
PCZO5A 127 260CT87 24N0V92 Ae 10 10 
PCZO5B 100 260CT87 24N0V92 Bf1 65 47 
PCZO6L 171 260CT87 24N0V92 LFH 3 3 
PCZO6A 121 260CT87 270CT92 Aej 5 6 
PCZ06B 23 O4APR88 070CT91 Bf 35 35 
PCZO7L 170 190CT87 24N0V92 LFH 5 7 
PCZO7A 126 260CT87 24N0V92 Ae ills) 15 
PCZ07B 1 15SEP92 15SEP92 BF 24 25 


a 
~ 


Table 2 Chemical analysis codes, units and descriptions. 


oo 


ALEXCV 
ALKT 
ALKT3 
ALKTI 
ALNDCV 
ALUT 
CAUR 
CB4 
CDUT 
CLIDUR 
COLTR 
COND25 
CUUT 
DIC 
DOC 
FEUT 
FFIDUR 
IMAL 
KKUR 
MGUR 
MNUT 
NAUR 
NIUT 
NNHTFR 
NNOTFR 
NNTKUR 
PBUT 
PH 
SIO3UR 
SSO4UR 
ZNUT 


ug/L 
mg/L 
mg/L 
mg/L 
ug/L 
ug/L 
mg/L 
% 

ug/L 
mg/L 
true 


ug/L 
mg/L 
mg/L 
mg/L 
ug/L 
ug/1 
mg/L 
mg/L 
mg/L 
mg/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 


mg/L 
mg/L 
ug/L 


as 
as 
as 
as 
as 
as 
as 


as 
as 


Cd 
C1 


colour units (TCU) 
uS/cm at 25 deg. C. 


as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 


Cu 


Neutral or negatively charged catechol violet reactive aluminum (organic Al) 
Fixed end point (pH 4.5) alkalinity - 
Fixed end point (pH 3.8) alkalinity 

Gran inflection point alkalinity 

Total catechol violet reactive aluminum 

Total aluminum (GFAAS) 

Total calcium (flame AAS) 

Charge balance, including organic anions corrected for bound metals 
Total cadmium (ICP-MS) 

Chloride (automated ion chromatography) 

Colourimetric with acidified chloroplatinate standards 


Total copper (ICP-MS) 

Dissolved inorganic carbon 

Dissolved organic carbon (UV-acid-persulphate digest) 

Total iron, both flame AAS and digested-colourimetric procedures 
Total fluoride using a specific ion electrode in a strong Al complexing buffer 
ALNDCV-ALEXCV 

Total potassium (flame AAS) 

Total magnesium (flame AAS) 

Total manganese, both flame AAS and digested-colourimetric procedures 
Total sodium (flame AAS) 

Total nickel (ICP-MS) 

Ammonia plus ammonium ions (colourimetric) 

Nitrate plus nitrite (colourimetric) 

Total Kjeldahl nitrogen 

Total lead (ICP-MS) 

pH 

Reactive silica (colourimetric) 

Sulphate (automated ion chromatography) 

Total zinc (ICP-MS) 


a ——_—_] —_——— ————————— mm 
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Table 4 Monthly median tensiometer readings (centibars) at five depths. 


PCI 


30cm 45cm 60cm 75cm 


15cm 


DATE 


15cm 30cm 45cm 60cm 75cm 


DATE 


2.0 
3.0 


8.5 


5.5 
4.0 


10.0 


MAY86 


6.0 
4.0 


13.0 


6.0 
4.0 


18.0 


MAY86 
JUN86 
JUL86 
AUG86 
SEP86 
MAY87 
JUN87 
JUL87 
AUG87 


JUN86 
JUL86 


13.0 


AUG86 
SEP86 
MAY87 
JUN87 
JUL87 


4.5 
3.0 
8.0 


10.0 


4.0 
2.0 
8.0 
9.0 


71.0 


74e 
0.0 


8.5 


6.0 


12.0 
33.5 


8.0 
115 


8.0 


52.0 


45.0 


68.0 80.0 


74.0 


39.0 


SEP87 
OCT87 
MAY88 
JUN88 
JUL88 
AUG88 


64.0 BINS 76.0 


SEP87 
OCT87 
MAY88 
JUN88 
JUL88 
AUG88 


12.0 


16.0 57.0 


15.0 


16.0 


6.0 
14.0 


6.5 
22.5 


6.5 
20.5 


55.0 
3725 


68.0 55.0 


52.5 


14.0 


66.0 74.0 


46.0 


9.0 
4.5 


SEP88 
OCT88 
MAY89 


10.0 19.0 34.0 


SEP88 
OCT88 
MAY89 
JUN89 
JUL89 
AUG89 
SEP89 
OCT89 
NOV89 
MAY90 


5.5 


225 


3.0 
4.0 
4.0 
35.0 


3.0 
2.0 
2.0 


41.0 


0.0 
4.0 
4.0 


48.5 


6.0 
8.0 


75.5 80.0 


5575 


45.0 


SEP89 
OCT89 
NOV89 


32.0 27.0 


26.0 


12.0 


4.0 


2.0 
0.0 
4.0 
14.5 


3.0 
155 
545 
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8.0 


6.5 
1325 
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b°5 
14.5 


MAY90 
JUN90 
JUL 90 
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20.0 


JUN90 
JUL 90 
AUG90 


22.0 


20.0 


53.0 44.0 28.0 


31.0 


62.0 
54.5 


78.0 78.0 
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61.0 74.0 ies 
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AUG91 
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NOV91 
MAY92 
JUN92 
JUL 92 
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8.0 


6.0 
955 


4.0 5.0 


4.0 


7.0 


NOV90 


4.0 
18.0 


4.0 
1375 


(456) 
14.0 


(26) 


JUN91 


56.5 52.0 


38.0 


24.5 


22.0 


14.0 
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NOV91 
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62.5 57.0 


52.0 


6.0 
4.5 


5.0 
6.0 


14.5 


2.0 
0.0 
8.0 
14.0 


1b) 
0.0 
8.0 
15.0 
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14.0 


JUL92 


1245 


10.0 


10.0 11.0 


12.0 


10.0 


6.5 
3.0 


SEP92 
OCT92 


5.0 
4.0 


4.0 


4.0 
3.0 


SEP92 
OCT92 


6.0 
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Tension (centibars) 


PLASTIC TENSION 13 
100 


depth=15 cm. 


depth=30 cm. ~ 


depth=45 cm. 


depth=60 cm. 


Tension (centibars) 


100. 


HARP TENSION 11 


depth=15 cm. 


depth=30: cm. 


depth=60 cm. 


depth=75 cm. 


